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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the overall efficiency of a fuel 
cell system by an intermittent operation of the fuel cell, and to improve 
the starting response of the fuel cell after being stopped. 
SOLUTION: In the fuel cell system for supplying load power from the 
fuel cell 20 and a secondary battery 30, the intermittent operation of the 
fuel cell is performed so that in a low load region, the fuel cell 20 is 
stopped and the load power is supplied from the secondary battery 30. 
In this case, the threshold of stopping/starting of the fuel cell 20 is 
adjusted depending on an open circuit voltage (OCV) of the fuel cell 20 
in a stopping state (S180-S200). As a result, fuel consumption to 
maintain the open circuit voltage when the fuel cell is stopping, is 
avoided, and a restart response from the state that the open circuit 
voltage of the fuel cell 20 stopping a power generation drops is 
improved. 
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* notices * 

JPO and NCXPI axe not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A fuel cell and an accumulation-of-electricity means, 

It is a fuel cell system including an electric power supply means to supply power to a load from said fuel cell and said accumulation- 
of-electricity means, 

Said electric power supply means is an on-off operation means to start said fuel cell which was made to stop said fuel cell when the 
demand power of said load did not fulfill a reference value, and stopped when the demand power of said load was said beyond 
reference value, 

A fuel cell system equipped with the threshold adjustment device which adjusts said reference value according to the internal 
electromotive force of said stopped fuel cell. 
[Claim 2] 

A fuel cell and an accumulation-of-electricity means, 

It is a fuel cell system including an electric power supply means to supply power to a load from said fuel cell and said accumulation- 
of-electricity means, 

Said electric power supply means is an on-off operation means to start said fuel cell which was made to stop said fuel cell when the 
demand power of said load did not fulfill the 1 st reference value, and stopped when the demand power of said load was beyond the 
2nd reference value, 

A fuel cell system equipped with the threshold adjustment device which adjusts said 2nd reference value according to the internal 
electromotive force of said stopped fuel cell. 
[Claim 3] 

Said threshold adjustment device is a fuel cell system according to claim 1 or 2 which said reference value or said 2nd reference value 
is reduced corresponding to the drop of the internal electromotive force of said fuel cell, and brings forward the starting stage of said 
fuel cell relatively. 
[Claim 4] 

Said threshold adjustment device is a fuel cell system according to claim 1 or 2 which has memorized beforehand the data of said 
reference value which should be set up to the internal electromotive force of said fuel cell, or said 2nd reference value. 
[Claim 5] 

Said accumulation-of-electricity means is a fuel cell system containing a rechargeable battery and a capacitor according to claim 1 to 
4. 

[Claim 6] 

The motor which generates the power of a car, 

It is an electric vehicle carrying the fuel cell system which includes an electric power supply means to supply power in said motor 
from a fuel cell and an accumulation-of-electricity means, 

Said electric power supply means is an on-off operation means to start said fuel cell which was made to stop said fuel cell when the 
demand power of the load containing said motor did not fulfill the 1st reference value, and stopped when the demand power of said 
load was beyond the 2nd reference value, 

An electric vehicle equipped with the threshold adjustment device which adjusts said 2nd reference value according to the internal 
electromotive force of said stopped fuel cell. 



[Translation done.] 
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* NOTICES * 

JPO and NCIFX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to the electric vehicle carrying the fuel cell system equipped with the fuel cell and the accumulation- 
of-electricity means, and this fuel cell system about a fuel cell system and an electric vehicle. 
[Background of the Invention] 
[0002] 

The improvement of energy efficiency is called for also in the electric vehicle carrying a fuel cell system. For example, in invention of 
the fuel cell system indicated by JP,2001-307758,A, when the magnitude of a load exceeded a reference value, the required power was 
supplied from the fuel cell and the rechargeable battery, and when the magnitude of a load is below a reference value, the 
configuration which stops a fuel cell and supplies the required power from a rechargeable battery is proposed. In the low loading field 
to which the effectiveness of a fuel cell system falls, intermittent operation which suspends operation of a fuel cell tends to be 
performed, a fuel cell tends to be operated by within the limits with a sufficient energy conversion efficiency, and the effectiveness of 
the whole fuel cell system tends to be improved. 
[Patent reference 1] JP,2001 -30775 8,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0003] 

However, although an improvement of the effectiveness of a fuel cell system is achieved by operating a fuel cell intermittently, 
fluctuation of a load is sharp in an electric vehicle. Even if it stops a fuel cell and stops the electric power supply from a fuel cell by 
intermittent operation of a fuel cell, it is necessary to enable it to reboot for a short time. For this reason, in order to maintain open- 
circuit voltage (OCV) to the outgoing end of a fuel cell also in the idle state of the electric power supply from a fuel cell, operating an 
air compressor and a hydrogen pump (auxiliary machinery) is also considered, but since hydrogen (fuel) is consumed with a fuel cell 
in order to maintain open-circuit voltage, that part fuel consumption worsens. 
[0004] 

Therefore, this invention aims at ofFering the fuel cell system which makes it possible to aim at coexistence of the response (reboot 
time amount of the stopped fuel cell system) of a fuel cell which carries out on-off operation to the improvement in effectiveness of 
the whole system in the fuel cell system which performs intermittent operation. 
[0005] 

Moreover, this invention aims at offering the electric vehicle which made it possible to aim at coexistence with the effectiveness of the 
whole fuel cell system and the response of a car in the electric vehicle carrying a fuel cell and a rechargeable battery. 
[Means for Solving the Problem] 
[0006] 

In order to attain the above-mentioned object the fuel cell system of this invention In a fuel cell system including a fuel cell and an 
accumulation-of-electricity means, and an electric power supply means to supply power to a load from the above-mentioned fuel cell 
and the above-mentioned accumulation-of-electricity means the above-mentioned electric power supply means An on-off operation 
means to start the above-mentioned fuel cell which was made to stop the above-mentioned fuel cell when the demand power of the 
above-mentioned load did not fulfill a reference value, and stopped when the demand power of the above-mentioned load was beyond 
the above-mentioned reference value, It has the threshold adjustment device which adjusts the above-mentioned reference value 
according to the internal electromotive force of the above-mentioned stopped fuel cell. 
[0007] 

By considering as this configuration, since the threshold of fuel cell starting is adjusted corresponding to the internal electromotive 
force (open-circuit voltage) produced with the fuel gas which remains inside a fuel cell, it becomes possible to reboot a fuel cell for a 
short time. Therefore, in the on-off operation of a fuel cell, even if it is the case where supply of the fuel (hydrogen) to a fuel cell is 
completely suspended, it becomes possible to reboot a fuel cell quickly, and it becomes possible to aim at the improvement in 
efficiency of a fuel cell system and the coexistence of operability (starting response time) by on-off operation. 
[0008] 

Moreover, the fuel cell system of this invention is set to a fuel cell system including a fuel cell and an accumulation-of-electricity 
means, and an electric power supply means to supply power to a load from the above-mentioned fuel cell and the above-mentioned 
accumulation-of-electricity means. An on-off operation means to start the above-mentioned fuel cell when the above-mentioned 
electric power supply means stops the above-mentioned fuel cell when the demand power of the above-mentioned load does not 
exceed the 1st reference value, and the demand power of the above-mentioned load exceeds the 2nd reference value, It has the 
threshold adjustment device which adjusts the 2nd reference value of the above according to the internal electromotive force of the 
above-mentioned stopped fuel cell. Here, an accumulation-of-electricity means accumulates electrical energy, and a rechargeable 
battery (battery), the so-called ultra capacitor (mass capacitor), etc. correspond. 
[0009] 

By considering as this configuration, since the threshold of fuel cell starting is adjusted corresponding to the internal electromotive 
force (open-circuit voltage) produced like the 1 st invention with the fuel gas which remains inside a fuel cell, it becomes possible to 
reboot a fuel cell for a short time. Therefore, in the on-ofT operation of a fuel cell, even if it is the case where supply of the fuel 
(hydrogen) to a fuel cell is completely suspended, it becomes possible to reboot a fuel cell quickly, and it becomes possible to aim at 
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the improvement in efficiency of a fuel cell system and the coexistence of operability (starting response time) by on-off operation. 
Moreover, it becomes possible to avoid generating of hunting by changing the distinction value (threshold) which judges starting/halt 
of operation of a fuel cell. 
[0010] 

Moreover, the above-mentioned threshold adjustment device reduces the 2nd reference value of the above corresponding to the drop of 
the internal electromotive force of the above-mentioned fuel cell, and brings forward the starting stage of the above-mentioned fuel 
cell relatively. 
[0011] 

Moreover, the above-mentioned threshold adjustment device has memorized beforehand the data of the 2nd reference value of the 
above which should be set up to the internal electromotive force of the above-mentioned fuel cell. Data are also memorizable as a table 
or a function. 
[0012] 

Moreover, the above-mentioned accumulation-of-electricity means contains a rechargeable battery (or battery), a capacitor, etc. which 

are charged by the fuel cell. 

[0013] 

Moreover, the electric vehicle of this invention is set to the electric vehicle carrying the fuel cell system which includes an electric 
power supply means to supply power in the above-mentioned motor from the motor which generates the power of a car, and a fuel cell 
and an accumulation-of-electricity means. An on-off operation means to start the above-mentioned fuel cell when the above- 
mentioned electric power supply means stops the above-mentioned fuel cell when the demand power of the load containing the above- 
mentioned motor does not exceed the 1st reference value, and the demand power of the above-mentioned load exceeds the 2nd 
reference value, It has the threshold adjustment device which adjusts the 2nd reference value of the above according to the internal 
electromotive force of the above-mentioned stopped fuel cell. 
[0014] 

Even if it completely suspends the fuel supply to a fuel cell in intermittent operation of a fuel cell by considering as this configuration, 
it becomes possible to avoid responsibility lowering of a reboot of a fuel cell. This becomes compatible about a fuel consumption 
improvement and responsibility (for example, accelerator response) of an electric vehicle. 
[Effect of the Invention] 
[0015] 

Since the fuel supply to a fuel cell can be thoroughly suspended in the on-off operation of a fuel cell at the time of the shutdown of a 
fuel cell according to this invention, fuel consumption is improved. Moreover, since the threshold of fuel cell starting of the fuel 
supply to a fuel cell also as a drop dead halt is set up according to the interior electromotive force of a residual of a fuel cell (outgoing 
end open circuit voltage), it becomes avoidable [ the delay of a reboot (response) of a fuel cell ]. 
[Best Mode of Carrying Out the Invention] 
[0016] 

Hereafter, the example of this invention is explained with reference to a drawing. 
[0017] 

First, the effectiveness of a fuel cell system is explained. Drawing 4 is an explanatory view for explaining the effectiveness as a fuel 
cell, and current density, the effectiveness of the eel simple substance of a fuel cell, the explanatory view showing relation with a fuel 
cell (FC) output, the explanatory view in which this drawing (b) expresses the relation between auxiliary machinery power and a fuel 
cell output, and this drawing (c) of this drawing (a) are explanatory views showing the relation between a fuel cell output and FC 
system efficiency. 
[0018] 

On the other hand, auxiliary machinery which supply fuel gas (oxygen, hydrogen gas), such as an air compressor and a pump, needs 
the power which increases mostly according to the increment in the amount of distributed gas (fuel cell output) for a fuel cell, and 
predetermined power is needed even if it is the case that a fuel cell output (FC output) is low (refer to drawing 4 (b)). These results, the 
system efficiency (for example, value which did the division of the power which deducted the power which auxiliary machinery 
actuation takes from the amount of generations of electrical energy with gas supply volume) as a fuel cell falls, so that a fuel cell 
output (FC output) is small, as shown in drawing 4 (c). 
[0019] 

Then, in the low loading field (it is the field where fuel cell system efficiency is bad relatively) of under the reference value Ps, the 
demand load to a fuel cell stops the electric power supply from a fuel cell 20, and supplies power from a rechargeable battery 
(accumulation-of-electricity means). In the heavy load field beyond a reference value Ps (it is a field with sufficient fuel cell system 
efficiency relatively), it becomes possible from a fuel cell and a rechargeable battery to improve the system efficiency of a fuel cell by 
supplying power to a load. This is one of the reasons of operating a fuel cell intermittently. 
[0020] 

By the way, in an electric vehicle, the readiness of a power source of release (a motor, power source) is searched for from accelerator 
actuation or starting actuation. For this reason, auxiliary machinery is operated intermittently, and he supplies fuel gas to a fuel cell 
intermittently, and is trying for a fuel cell to maintain predetermined open-circuit voltage (OCV), for example, 400 volts, also in the 
power supply interruption condition from a fuel cell to a motor, as shown in drawing 5 . 
[0021] 

Drawing 6 shows the starting response characteristic of the fuel cell (100% of accelerator openings) when breaking an accelerator into 
max and starting a car. The fuel cell output (FC output) property shown as a continuous line shows the case where it starts from the 
condition of having been maintained by predetermined open circuit voltage (OCV), among this drawing. Moreover, the fuel cell output 
(FC output) property shown by the dotted line shows among drawing the case where it starts from the condition (refer to 2 point lead 
lines in drawing 5 ) that open circuit voltage descended. After the fuel cell has been maintained by predetermined open circuit voltage, 
in the condition that the open circuit voltage of a fuel cell is not maintained, it is [ rather than ] delay D of a big response to the delay 
of a response being d according to downward open circuit voltage. Moreover, when the open end electrical potential difference of a 
fuel cell falls, the output (burden) of a rechargeable battery is increasing at the time of motor starting. Therefore, if it is going to secure 
the starting response characteristic of a fuel cell, the useless fuel gas for holding open circuit voltage will be consumed, and fuel 
consumption does not become good as a result as performing on-off operation of die fuel cell which performs the electric power 
supply from a fuel cell only in the range with sufficient system efficiency. 
[0022] 

So, in the example described below, supply of the fuel gas to a fuel cell is thoroughly suspended in the power supply interruption 
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condition from a fuel cell to a load in the on-off operation of a fuel cell, moreover, the open-circuit voltage of the fuel cell which falls 
by this — responding — the on-off operation of a fuel cell — as the reference value Ps of the demand load which starts the fuel cell to 
kick is adjusted and a starting stage is rash, starting delay of a fuel cell is prevented as much as possible, the on-off operation 
concerned — the reference value of starting/halt of the fuel cell to kick can also be set as the value in which it differs for howling 
prevention the case of starting, and in the case of a halt. 
[0023] 

Drawing 1 is a block diagram showing the outline of the configuration of an electric vehicle in which the fuel cell system 10 which is 
one suitable example of this invention was carried. The fuel cell system 10 of this example is carried in a car, and works as a power 
source for car actuation. The fuel cell system 10 uses a fuel cell 20, a rechargeable battery 30, the motor 32 for vehicle actuation, 
auxiliary machinery 34, DC to DC converter 36, the remaining capacity monitor 46, a control section 50, an inverter 80, and a current 
sensor 90 as the main components. Hereafter, each component of the fuel cell system 10 is explained. 
[0024] 

A fuel cell 20 is a fuel cell of a solid-state poly electrolyte mold, and has the stack structure which carried out two or more laminatings 
of the single eel which is a configuration unit A single eel is constituted by the separator which is not illustrated, an anode (anode 
plate), an electrolyte membrane, a cathode (cathode), the separator, etc. A fuel cell 20 receives supply of the fuel gas containing 
hydrogen in a cathode side, and acquires electromotive force to an anode plate side according to die electrochemical reaction shown 
below in response to supply of the oxidation gas containing oxygen. 
H2->2H-H-2e--(l) 

(1/2) 02+2H-H-2e-> H20 - (2) 
H2+(l/2) 02 -> H20~(3) 

(1) A formula shows the reaction by the side of cathode, and the reaction by the side of an anode plate of (2) types, and (3) types 

express the reaction which occurs by the whole cell. 

[0025] 

Such a fuel cell 20 can control an output by adjusting the amount of fuel gas, and oxidation capacity according to the magnitude of the 
load connected. Control of this output is performed by the control section 50. That is, the driving signal from a control section 50 is 
outputted to the electro-magnetic valve prepared in a below-mentioned air compressor and a below-mentioned fuel-supply way, the 
amount of distributed gas is controlled by adjusting the amount of actuation and switching condition, and the output of a fuel cell 20 is 
adjusted. 
[0026] 

The fuel cell 20 is connected to a rechargeable battery 30, a motor 32, and auxiliary machinery 34. This fuel cell 20 charges a 
rechargeable battery 30 according to the condition of these loads while supplying power to a motor 32 and auxiliary machinery 34. In 
this case, the fuel cell 20 is connected to a motor 32 and auxiliary machinery 34 through switch 20a, and the electric power supply of a 
motor 32 or auxiliary machinery 34 and charge of a rechargeable battery 30 are performed through closing motion control of this 
switch 20a by the control section 50, or switch 30a by the side of a rechargeable battery. Moreover, voltmeter 20b is connected to the 
outgoing end of a fuel cell 20, and the detection electrical potential difference is supplied to the control section 50. 
[0027] 

A rechargeable battery 30 is a power unit (accumulation-of-electricity means) which supplies power to a motor 32 and auxiliary 
machinery 34 with the above-mentioned fuel cell 20. Although the lead accumulator was used in this example, rechargeable batteries 
of other type, such as a Ni-Cd battery, a nickel-hydrogen battery, and a lithium rechargeable battery, can also be used. The capacity of 
this rechargeable battery 30 is determined by the engine performance (full speed, mileage, etc.) of the transit conditions the magnitude 
of the car carrying the fuel cell system 10 and this car are assumed to be, or the car demanded etc. In addition, it is good also as 
replacing with a rechargeable battery 30 and using a mass ultra capacitor. 
[0028] 

A motor 32 is a three phase synchronous motor. The direct current which a fuel cell 20 and a rechargeable battery 30 output is changed 
into the three-phase alternating current by the inverter 80 mentioned later, and is supplied to a motor 32 by it. In response to supply of 
such power, a motor 32 generates revolution driving force, and through the axle in the car carrying the fuel cell system 10, this 
revolution driving force is told to the front wheel and/or rear wheel of a car, and turns into power which makes it run a car. This motor 
32 receives control of a control unit 33. The control device 33 is connected with accelerator pedal position sensor 33b which detects 
the control input of accelerator pedal 33a. Moreover, the control unit 33 is connected also with the control section 50, and the various 
information about actuation of a motor 32 etc. is exchanged between this control section 50. For example, the control input of 
accelerator pedal 33a is told to a control section 50 as an amount of actuation demand power. 
[0029] 

Auxiliary machinery 34 is bearing the role which supplies and works fuel gas etc. to a fuel cell 20. 
[0030] 

Drawing 2 is the block diagram showing roughly the example of a configuration of the auxiliary machinery at the time of using high 
voltage hydrogen as a fuel. The hydrogen stored by high voltage hydrogen tank 34a is supplied to the cathode group of a fuel cell 20 
through closing motion valve 34b, reducing-valve 34c which adjusts a pressure, and 34d of closing motion valves. "Closing motion" of 
valves, such as this, and the "amount of closing motion" are controlled by the below-mentioned control section 50 electromagnetic. 
The exhausted hydrogen gas which was not used with a fuel cell 20 is collected through steam separator 34e, is returned to a fuel cell 
20 by pump 34f, and is reused. On the other hand, a foreign matter is removed by air filter 34g, and the air (oxygen) supplied to an 
anode plate group is compressed by compressor 34h, is humidified by humidifier 34i, and is supplied to a fuel cell 20. The oxidation 
gas pressure supplied to a fuel cell 20 by compressor 34h can be adjusted. 
[0031] 

Drawing 3 is the block diagram showing roughly the example of a configuration of the auxiliary machinery at the time of making a 
refining machine into the source of hydrogen gas supply. The fuel cell system 10 uses the above-mentioned fuel cell 20, methanol tank 
34j and water tank 34k, and 341. of refining machines, and air compressor 34m as the main components, and also has solenoid- valve 
34p which adjusts the amount of supply hydrogen from the pumps 34n and 34o which supply a methanol and water to 341. of refining 
machines from a tank, and 341. of refining machines to a fuel cell 70. Air compressor 34m, the oxidation gas pressure supplied to a 
fuel cell 20 can be adjusted. 
[0032] 

The solenoid valve and air compressor which were mentioned above, a mass flow controller besides each pumps, the Water pump 
which is not illustrated correspond to auxiliary machinery 34. A Water pump controls the internal temperature of a fuel cell 20 below 
to predetermined temperature by pressurizing cooling water, circulating the inside of a fuel cell 20, circulating cooling water in this 
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way, and making heat exchange perform within a fuel cell 20. A mass flow controller adjusts the pressure and flow rate of fuel gas 
which are supplied to a fuel cell 20 as mentioned already. Although independently expressed with drawing 1 a fuel cell 20 and 
auxiliary machinery 34, about the device in connection with control of the operational status of these fuel cells 20, it can also be called 
the peripheral device of a fuel cell 20. 
[0033] 

DC to DC converter 36 changes the electrical potential difference of the electrical energy which a fuel cell 20 and a rechargeable 
battery 30 output, and supplies it to auxiliary machinery 34. An electrical potential difference required to drive a motor 32 is usually 
about 200V-300V, and the electrical potential difference corresponding to this is outputted from the fuel cell 20 and the rechargeable 
battery 30. However, the electrical potential difference when driving the auxiliary machinery 34, such as a pump, a compressor, and a 
solenoid valve, is about 12V, and cannot supply the electrical potential difference outputted from a fuel cell 20 and a rechargeable 
battery 30 in the condition as it is. Therefore, the electrical potential difference is dropped with DC to DC converter 36. 
[0034] 

By changing switch 20a by the side of the above-mentioned fuel cell, and switch 30a by the side of a rechargeable battery, a fuel cell 
20 and a rechargeable battery 30, and a motor 32 can be connected, or it can separate. The connection condition of each above- 
mentioned switch is controlled by the control section 50. 
[0035] 

The remaining capacity monitor 46 detects the remaining capacity of a rechargeable battery 30, and is constituted by SOC meter here. 
SOC meter integrates the current value and time amount of charge and discharge in a rechargeable battery 30, and a control section 50 
calculates the remaining capacity of a rechargeable battery 30 based on this value. The remaining capacity monitor 46 is good also as 
constituting by the voltage sensor instead of SOC meter here. Since an electrical-potential-difference value falls as that remaining 
capacity decreases, a rechargeable battery 30 can detect the remaining capacity of a rechargeable battery 30 by measuring an electrical 
potential difference using this property. Such an electrical-potential-difference sensor is connected to a control section 50, and a 
control section 50 can calculate the remaining capacity of a rechargeable battery 30 based on the measured value inputted from a 
voltage sensor by memorizing the relation of the electrical-potential-difference value and remaining capacity in a voltage sensor 
beforehand to the control section 50. Or the remaining capacity monitor 46 is good also as a configuration which measures the specific 
gravity of the electrolytic solution of a rechargeable battery 30, and detects remaining capacity. 
[0036] 

A control section 50 is constituted as a logical circuit centering on a microcomputer, and consists of CPU52, ROM54, RAM56, and 
input/output port 58. CPU52 performs a predetermined operation etc. according to the control program set up beforehand. A control 
program, control data, etc. required to perform various data processing are beforehand stored in ROM54 by CPU52, and various data 
required to perform various data processing by CPU52 as well as RAM56 are written temporarily. While input/output port 58 inputs 
the detecting signal from various sensors, such as output voltage total 20b and the remaining capacity monitor 46, etc., according to 
the result of an operation in CPU52, it outputs a driving signal to an inverter 80 etc., and controls the actuation condition of each part 
of a fuel cell system. 
[0037] 

In drawing 1 , although only the input of the signal from output voltage total 20b, the remaining capacity monitor 46, and a current 
sensor 90, the output of the driving signal of an inverter 80, and the exchange of the signal between control units 33 were shown about 
the control section 50, in addition to this, the control section 50 is performing various control in a fuel cell system. As main things, 
control of the operational status of a fuel cell 20 can be mentioned in the control by the control section 50 which is not illustrated. As 
mentioned already, a driving signal is outputted to an air compressor or a mass flow controller, control oxidation capacity and the 
amount of fuel gas, the place elder brother who uses a refining machine controls the amount of the methanol supplied to the refining 
machine 64, and water, or the control section 50 is also performing temperature management of a fuel cell 20, and temperature 
management of the refining machine 64. 
[0038] 

An inverter 80 changes into three-phase-circuit alternating current the direct current supplied from a fuel cell 20 or a rechargeable 
battery 30, and supplies it to a motor 32. Here, it is controllable in the driving force generated by the motor 32 by adjusting the 
amplitude (actually pulse width) and frequency of a three-phase-circuit alternating current which are supplied to a motor 32 based on 
the directions from a control section 50. This inverter 80 is constituted considering six switching elements (for example, the bipolar 
form MOSFET (IGBT)) as a main circuit component, and changes into the amplitude of arbitration, and the three-phase alternating 
current of a frequency the direct current supplied by the switching operation of these switching elements from a fuel cell 20 and a 
rechargeable battery 30. The electric conduction line connects with the control section 50, and each switching element with which an 
inverter 80 is equipped receives control of the timing of the switching with the driving signal from a control section 50. 
[0039] 

The connection condition with this inverter 80, a fuel cell 20, or a rechargeable battery 30 is determined by control of the above- 
mentioned switches 20a and 30a. That is, connection of the inverter 80 besides connection between an inverter 80 and a fuel cell 20 
and a rechargeable battery 30 and the concurrent connection of the fuel cell 20 to an inverter 80 and a rechargeable battery 30 are 
possible. And while taking these connection conditions, the output control (generating operation control) of a fuel cell 20 can be 
performed to arbitration, and the output control (control of output ON and an output OFF) of a rechargeable battery 30 can also be 
performed to arbitration. 
[0040] 

A current sensor 90 detects the output current from a rechargeable battery 30. Although the output state of a rechargeable battery 30 
has the case of discharge, and the case of charge, it is henceforth called the output current about the case of both charge and discharge. 
This current sensor 90 has connected with a control section 50, and the current value detected by the current sensor 90 is inputted into 
a control section 50. The inputted current value is used in case the charge-and-discharge condition in a rechargeable battery 30 is 
judged. 
[0041] 

Next, the fuel cell control which the fuel cell system 10 which has the configuration mentioned above performs is explained. Drawing 
7 is a flow chart showing the content of processing of this fuel cell control. In the car carrying the fuel cell system 10, this fuel cell 
control is performed for every predetermined time and every lOmicrosec by CPU52 from from, when the predetermined start switch 
which starts this fuel cell system is turned on (SI 00). 
[0042] 

If this routine is performed, a control section 50 will first perform reading of the actuation demand power which the operator of an 
electric vehicle who carried this system demands through accelerator actuation, and reading of the remaining capacity Q of a 
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rechargeable battery 30 (step SI 10). This actuation demand power is the power Goad power) for rotating the motor 32 of a car 
according to a demand of an operator, and is provided with the generated output of a fuel cell 20, and the discharge power of a 
rechargeable battery 30. In this case, actuation demand power is distinguished in inputting the control input (output of accelerator 
pedal position sensor 33b) of accelerator pedal 33a into a control section 50 through a control unit 33. Moreover, the remaining 
capacity Q of a rechargeable battery 30 is read from the output value of the remaining capacity monitor 46, and is calculated. 
[0043] 

The set condition of an intermittent flag which shows the purport which is in on-off operation mode in which a fuel cell 20 is operated 
intermittently is judged following these reading operation (step SI 20). If this intermittent flag is in a reset (flag-off) condition about 
set-reset being carried out by the below-mentioned processing, and carrying out on-off operation of the fuel cell 20 if it is in a set 
(flag-on) condition, it expresses making a fuel cell 20 run continuously. 
[0044] 

When it judges with an intermittent flag being in a reset condition (continuous running), (SI 20; Yes) and actuation demand power 
judge whether it is smaller than the threshold power Ps which is a distinction reference value (step SI 20). The threshold power Ps is 
drawing 4 . As shown in (c), since the output of a fuel cell 20 is low, system efficiency is the boundary value of the fuel cell output of 
the low loading field which becomes low, and serves as distinction criteria of whether for the electric power supply from a fuel cell 20 
to be stopped, and to perform on-off operation mode. For example, it is set to about 10% of the generarion-of-electrical-energy 
capacity (power serviceability) of a fuel cell 20. In addition, it is not necessarily restricted to what this threshold power Ps can set up 
many things according to the remaining capacity Q read at the charge-and-discharge capacity and step SI 10 of a rechargeable battery 
30, and was described above. 
[0045] 

Although it is in (SI 30; Yes) and the situation made to run continuously a fuel cell 20 in response to a judgment (intermittent flag-off) 
at step SI 20 when an affirmation judging is carried out at this step SI 30, actuation demand power will be smaller than the threshold 
power Ps. Therefore, an intermittent flag is set to ON so that the purport which shifts the operation mode of a fuel cell 20 to on-off 
operation mode from continuous-running mode may be shown in this case (step SI 40). Next, the remaining capacity Q and actuation 
demand power which were read at step SI 00 are contrasted, and it judges whether a motor 32 can be rotated with the power of the 
remaining capacity Q of a rechargeable battery 30 as actuation demand power (step SI 50). That is, it judges whether actuation demand 
power can be satisfied by remaining capacity Q. 
[0046] 

At this step SI 50, when it judges with the ability of actuation demand power to be satisfied by remaining capacity Q, operation of the 
fuel cell device group containing the auxiliary machinery (peripheral device) of the fuel cell 20 in (S150;Yes) and a low generation-of- 
electrical-energy field and fuel cells, such as the above-mentioned pump and an air compressor, is suspended, and supply to the fuel 
cell of fuel gas is suspended. Switch 20a is opened and the electric power supply from a fuel cell to a motor 32 stops. The open-circuit 
voltage of a fuel cell 20 is detected by voltmeter 20b, and is sent to a control section 50 (step SI 60). Then, switch 30a is closed, the 
power of remaining capacity Q is supplied to a motor 32 from a rechargeable battery 30 (step SI 70), and this routine is once ended 
(S230). Thereby, a motor 32 rotates by the electric power supply only from a rechargeable battery 30, and drives a car by actuation 
demand power. 
[0047] 

On the other hand, at step SI 50, by the remaining capacity Q of a rechargeable battery, when it judges with the ability of actuation 
demand power not to be satisfied, while carrying out generating operation of the above-mentioned fuel cell device group, an 
intermittent flag is set off that (S150;No), a rechargeable battery 30, and a fuel cell 20 should be used together so that the purport 
which should shift to the continuous-running mode of a fuel cell 20 may be shown (step S210). Thereby, car actuation by actuation 
demand power is attained at the revolution list of a motor 32 with the power of the remaining capacity Q of a rechargeable battery 30, 
and the power which the fuel cell 20 generated. 
[0048] 

Switches 20a and 30a are closed, power is supplied to a motor 32 from a rechargeable battery 30 and a fuel cell 20 (step S220), and 
this routine is once ended so that actuation demand power can provide meals following this step S210 with the power of the remaining 
capacity Q of a rechargeable battery 30, and the power which generated the fuel cell 20 (S230). If it explains in more detail, the power 
which should generate them with a fuel cell 20 from these both by reading by step SI 10 since actuation demand power and remaining 
capacity Q are known will become settled. Therefore, the fuel gas amount of supply mentioned already for generating this fixed power 
is calculated, the auxiliary machinery (peripheral device) mentioned above according to that result is operated, and the power which 
became settled the account of a top is generated with a fuel cell 20. Thereby, a motor 32 rotates by the electric power supply from a 
rechargeable battery 30 and a fuel cell 20, and drives a car by actuation demand power. 
[0049] 

Moreover, when it judges with actuation demand power being more than the threshold power Ps at step SI 30, it can be said that what 
is necessary is just to carry out generating operation for a fuel cell 20 in the situation that system efficiency is high, for obtaining 
actuation demand power. Therefore, it shifts to step S210 in order to provide actuation demand power with the power of a 
rechargeable battery 30, and the generated output of a fuel cell 20. Thereby, a motor 32 rotates by the electric power supply from a 
rechargeable battery 30 and a fuel cell 20, and a car is driven by actuation demand power (S220). 
[0050] 

On the other hand, the output voltage Vocv of the fuel cell currently supplied to the control section 50 is read in voltmeter 20b in order 
to perform threshold setting out Pon of (S120;No) and the fuel cell starting distinction according to the current open-circuit voltage 
(OCV) of the stopped fuel cell 20, when it judges with a control section 50 being step SI 20 mentioned already, and being in the 
condition (on-off operation condition) that the intermittent flag was set to ON (S 1 80). 
[0051] 

A control section 50 calculates the ON threshold Pon from the output voltage Vocv of a fuel cell 20. Drawing 8 is a graph explaining 
the open-circuit voltage Vocv of a fuel cell, and the example of the ON threshold Pon which should be set up. The control section 50 is 
beforehand memorized to ROM54 as function Pon=f (Vocv) by using this graph as map data. Function Pon=f (Vocv) has a property 
which lowers the ON threshold Pon with lowering of open-circuit voltage. If die open-circuit voltage of a stopped fuel cell descends 
by that cause, it will be set up so that the ON threshold Pon which starts a fuel cell may become low. When the ON threshold Pon 
becomes low and starting timing is relatively rash, it becomes possible to decrease delay of the standup of the output of a fuel cell 20 
like the after-mentioned. The optimal property of this function f (Vocv) can be experimentally identified in an equipment design. In 
the example of a graphic display, when the open-circuit voltage Vocv of a fuel cell 20 is 400 volts, the ON threshold Pon has set the 
ON threshold Pon as 3k W, when 7kW and open-circuit voltage Vocv are 200 volts. Thus, a control section 50 sets up the ON 
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threshold Pon (S ! 90). 
[0052] 

Drawing 9 is an explanatory view explaining the example to which the ON threshold Pon is adjusted by the current value of the open- 
circuit voltage of a fuel cell 20. If the current value Vocv of open-circuit voltage falls, the value of a threshold Pon will be set up low 
relatively and the value of a threshold Pon will be relatively set up highly in the condition (for example, rated output electrical 
potential difference) that the current value Vocv of open-circuit voltage is high. 
[0053] 

Next, it judges whether a control section 50 has actuation demand power larger than the ON threshold power Pon (step S200). 
Although it is in the situation to which on-off operation of the fuel cell 20 is carried out in response to a judgment (intermittent flag- 
on) at step SI 20 here when an affirmation judging is carried out (S200;Yes), actuation demand power will be larger than the ON 
threshold power Pon. Therefore, it shifts to step S210 in order to provide this big actuation demand power with the power of a 
rechargeable battery 30, and the generated output of a fuel cell 20. 
[0054] 

As mentioned above, while carrying out generating operation of the above-mentioned fuel cell device group, an intermittent flag is set 
off that a control section 50 should use together a rechargeable battery 30 and a fuel cell 20 so that the purport which should shift to 
the continuous-running mode of a fuel cell 20 may be shown (step S210). Thereby, car actuation by actuation demand power is 
attained at the revolution list of a motor 32 with the power of the remaining capacity Q of a rechargeable battery 30, and the power 
which the fuel cell 20 generated. 
[0055] 

Switches 20a and 30a are closed, power is supplied to a motor 32 from a rechargeable battery 30 and a fuel cell 20 (step S220), and 
this routine is once ended so that actuation demand power can provide meals following this step S210 with the power of the remaining 
capacity Q of a rechargeable battery 30, and the power which generated the fuel cell 20 (S230). 
[0056] 

If it explains in more detail, the power which should generate them with a fuel cell 20 from these both by reading by step SI 10 since 
actuation demand power and remaining capacity Q are known will become settled. Therefore, the fuel gas amount of supply 
mentioned already for generating this fixed power is calculated, the auxiliary machinery (peripheral device) mentioned above 
according to that result is operated, and the power which became settled the account of a top is generated with a fuel cell 20. Thereby, 
a motor 32 rotates by the electric power supply from a rechargeable battery 30 and a fuel cell 20, and drives a car by actuation demand 
power. 
[0057] 

When a negative judging is carried out at step S200, (S200;No) and actuation demand power are still small. Therefore, it shifts to step 
SI 50 and processing after it mentioned already is performed in order to provide this actuation demand power with the remaining 
capacity Q of a rechargeable battery 30, with the fuel cell device group containing a fuel cell 20 and its peripheral device stopped. 
Thereby, the fuel cell system 10 rotates a motor 32 by the remaining capacity Q of (step SI 60) and a rechargeable battery 30 under the 
halt situation of a fuel cell device group (step SI 70), and drives a car by actuation demand power. Moreover, in remaining capacity Q, 
in lack, a motor 32 is rotated by the electric power supply from (step SI 50; No), a rechargeable battery 30, and a fuel cell 20 (step S 
2 1 0 220), and it drives a car by actuation demand power. 
[0058] 

As explained above, the fuel cell system 10 of this example defines operation and a halt of the fuel cell device group containing a fuel 
cell 20 and its peripheral device with the magnitude of the actuation demand power of the car which an operator demands through 
treading-in actuation of accelerator pedal 33a. That is, when this actuation demand power is what is obtained by the generating 
operation of a heavy load field for a fuel cell 20, (step SI 30; No) and a fuel cell device group are operated, a generation of electrical 
energy is rotated with a fuel cell 20, a motor 32 is rotated with a lifting (step S210), this power, and the power of a rechargeable 
battery 30, and a car is driven (step S220). Therefore, in this case, the generating operation of the fuel cell 20 can be efficiently carried 
out in a heavy load field, and system efficiency can be improved as the fuel cell system 10, as a result an electric vehicle in which this 
was carried. 
[0059] 

When actuation demand power is what is obtained by the generating operation of a low loading field for a fuel cell 20, on the other 
hand, (Step SI 30; Yes), If a motor revolution can be provided with the remaining capacity Q of a rechargeable battery 30 (step SI 50; 
Yes) The fuel cell device group containing a fuel cell 20 and its peripheral device is stopped (step SI 60), a motor 32 is rotated by the 
remaining capacity Q by rechargeable battery 30 independent one (step SI 70), and a car is driven by actuation demand power. 
Therefore, since it can avoid carrying out generating operation of the fuel cell 20 in a low loading field, system efficiency can be 
improved as an electric vehicle in which causing a useless generation of electrical energy of a fuel cell 20 was lost, and the fuel cell 
system 10, as a result this were carried. And since it combines with the shutdown of a fuel cell 20 and operation of the peripheral 
device of air compressor 66 grade is also suspended, as the energy which operation of these equipments takes is not used, either, 
system efficiency can be improved more. 
[0060] 

Moreover, even if actuation demand power is the thing of a low loading field, when a motor revolution runs short of the remaining 
capacity Q of a rechargeable battery 30, (step SI 50; No) and a fuel cell device group are made to operate, a motor 32 is rotated with 
the power of a rechargeable battery 30 and a fuel cell 20 (step S 210 220), and a car is driven by actuation demand power. For this 
reason, since a car can be driven in the state of the actuation which an operator means, sense of incongruity is not given to an operator. 

[0061] 

Moreover, in this example, since actuation demand power increased, when operating a fuel cell 20 from the situation of having 
stopped the fuel cell 20 since actuation demand power was below the off threshold power Ps, it was presupposed that the fuel cell 20 
has been stopped until this actuation demand power became larger than the ON threshold power Pon (step S200). Therefore, even if 
actuation demand power fluctuates around the threshold power Ps, hunting which repeats operation and a halt of a fuel cell 20 is 
avoidable. For this reason, allophone generating of the pump which is the nonconformity by hunting, for example, the peripheral 
device of a fuel cell 20, etc. is avoidable. 
[0062] 

Moreover, in this example, since actuation demand power increased, when rebooting a fuel cell 20 from the condition of having 
stopped thoroughly the fuel gas supply to a fuel cell 20 since actuation demand power was below the off threshold power Ps, the ON 
threshold power Pon which opts for starting of a fuel cell 20 was adjusted according to the current open-circuit voltage (OCV) of a 
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fuel cell 20 (SI 80, SI 90). It is possible for this to avoid the delay (to refer to drawing 6 ) of starting of the fuel cell by lowering of the 
open-circuit voltage OCV of a fuel cell 20 as much as possible. It becomes [ to improve the fuel consumption of a fuel cell ] possible 
and is desirable, securing the starting performance (responsibility) of a fuel cell. 
[0063] 

Moreover, the off threshold Ps mentioned above is not made into a fixed value, but it is good also as an adjustable value. For example, 
it is good also as setting it as a value (Pon-alpha) only with the low predetermined value alpha from the ON threshold Pon adjusted 
according to the residual electromotive force of a fuel cell. In this case, even if the value of the ON threshold Pon changes, the 
allowances alpha of antihunting are always secured. Moreover, if the nonconformity of the above-mentioned hunting does not arise, 
the off threshold Ps may be set as the same value as the ON threshold Poa 
[Brief Description of the Drawings] 
[0064] 

[Drawing 1] It is a block diagram explaining the electric vehicle carrying a fuel cell system. 

[Drawing 2] It is a block diagram for explaining auxiliary machinery (example of a hydrogen gas activity). 

[Drawing 3] It is a block diagram for explaining auxiliary machinery (example of a reformed gas activity). 

[Drawing 4] Drawing 4 (a) thru/or this drawing (c) are the graphs explaining the effectiveness of a fuel cell system. 

[Drawing 5] In order to maintain the open-circuit voltage (OCV) of a fuel cell to a predetermined value, it is a graph explaining the 

example which supplies hydrogen gas intermittently. 

[Drawing 6] It is a graph explaining the delay property of fuel cell starting (output start) by lowering of the open-circuit voltage of a 
fuel cell. 

[Drawing 7] It is a flow chart explaining the control action of early starting corresponding to the on-off operation of a fuel cell and the 
lowering of open-circuit voltage by the control section. 

[Drawing 8] It is a graph explaining the example of reference-value (threshold) setting out of the fuel cell ON according to the open- 
circuit voltage of a fuel cell. 

[Drawing 9] It is an explanatory view explaining the example to which the reference value of the fuel cell ON in the on-off operation 
of a fuel cell system is changed according to open-circuit voltage. 
[Description of Notations] 
[0065] 

10 — Fuel cell system 

20 -Fuel cell 

30 — Rechargeable battery 

32 - Motor 

33 — Control unit 

33a — Accelerator pedal 

33b — Accelerator pedal position sensor 

34 — Auxiliary machinery 
36 - DC to DC converter 

46 — Remaining capacity monitor 

50 — Control section 

80 — Inverter 

90 — Current sensor 



[Translation done.] 
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[Brief Description of the Drawings] 
[0064] 

[Drawing 1] It is a block diagram explaining the electric vehicle carrying a fuel cell system. 

[Drawing 2] It is a block diagram for explaining auxiliary machinery (example of a hydrogen gas activity). 

[Drawing 3] It is a block diagram for explaining auxiliary machinery (example of a reformed gas activity). 

[Drawing 4] Drawing 4 (a) thru/or this drawing (c) are the graphs explaining the effectiveness of a fuel cell system. 

p rawing 5] In order to maintain the open-circuit voltage (OCV) of a fuel cell to a predetermined value, it is a graph explaining the 

example which supplies hydrogen gas intermittently. 

[Drawing 6] It is a graph explaining the delay property of fuel cell starting (output start) by lowering of the open-circuit voltage of a 
fuel cell. 

[Drawing 7] It is a flow chart explaining the control action of early starting corresponding to the on-off operation of a fuel cell and the 
lowering of open-circuit voltage by the control section. 

[Drawing 8] It is a graph explaining the example of reference- value (threshold) setting out of the fuel cell ON according to the open- 
circuit voltage of a fuel cell. 

[Drawing 9] It is an explanatory view explaining the example to which the reference value of the fuel cell ON in the on-off operation 
of a fuel cell system is changed according to open-circuit voltage. 
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[0010] 

*PMfgT£-e, ± IB tt ft « % O IS lb ft »I £ fl ft lc ^ & 2, o 
[00 1 1 ] 

[0012] 
[0013] 

{cjSCT±IB^2C»a*p{il^:raS-r-5Httiig^gi:, ?:|A5o 
[0014] 

[ is © $j m ] 

[0015] 

i^^iiihkut, MWM»©iMfi£^ftit»©gisrtgtfigit7j c m ^7 « m «t« 
[5€Bji£ii$£-r3fc46o«&©jfcfyu 

[0016] 
[0017] 

(fc) mil £<DM&*m-rmww. mm c b ) tt*e«Hi;&j:i8!B«?&ttft£©Ha«:£ 
t-swH, n 0 (c) ttjaftmMa^jfcFc^x-riaspfcoMffi^a-rttWBn?**. 40 

[0018] 

-77, Mttft&tgimtfX ( & lit . 7j< # x ) 5:ffi^t5i73>7l/^, # V :/ 5? 

ft H item 77 (FCtHA) ^fil>l*fSbrjTfe'Bf)l©iiA%£iSl:t«(H4 (b)#«0 
o Cti£©*£jH. $ft*jf&i: LTOv'Xf A #i s£ (ffij * fcf , 98«Bfr effittBlblcX'*" 3 

***«b5iv>fe***^fx«ift*-ej»j|[Lfcffl[)t±, 0 4 ( c )(c^-r <fc ? te. &$ft«}ti 

Hi 2) ( F C W * ) ff/hS^SHfiTt*. 
[00 1 9 ] 

^ct*. te ft-r s£$afttf£«tt p s «r«« (fflftWfciamwifi 

-> X x A # S ^ f| ) T*&±, $S ft « ?fi 2 0A^<7D«^«^?:f$ihb. ( W W 50 
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if £m*j*«ss-r So s»Pfflp s &l ± <o n n. m m & (i»fifc*««iii/xfi» 

IS© l ot'feSo 

[ 0 0 2 0 ] 

) OB|Ij3; , &^*46&nSo coftft, 0 5 fc ^ "T <fc 5 1c , JBfiflUfij^S* — © S 2j # 
b . M^iHitffSOfflglKfE (OCV) % 09 tL If , 4 0 0 # ;l/ h * j§ -T 3 J:.-5 fc b 
[ 0 0 2 1 ] 

B 6 ti « T 9 It ?\s*mXlc&ft.# i foT'mffi*:KM-Z *tfc t % (7^t;l/H«l 00%) 
©«#*»©ie»JSaF«ftt*ja*LT^*. RIH^x H 33S T- w S n -5 OS » « ffl Hi * (FCiB 
*) l$tei4;?rJ£©BBB[*EE (OCV) tej»»«nffcttl8*6iSlibfe»***bT^*o 

sfc, a*, j£«T?^*ft*«»*«Hi;& (f ca^j) wttttpottVE^nTb^Kai ( 



5 *©z:£ 



mm} *» 6 



«f * ft ft « »-T « JS g © £ ft d T* & © Ic *t b , jK»*?fiOlHa«ffi««lt»«ft3S:^*e 
&T* l±T &ffltt.ni£lC ft b ft <fc D*#a:*S»©-3BftD i: & o T l,-> 3 „ $ ft s f$5ft«?fi©|lfl 

»© H * fx 3 c fc fc b T »* M te « « # £ < * 6 ft ^ . 

[ 0 0 2 2 ] 

{c«t tuBT-rsflmwjfl© mm ss m m m & b t u&n m n © p*g ^ it « «gs ^ m n «isn 
RiR^(cB)5±-r§ 0 aKiH^atefeits«s«?a©jeK/ff±©Btptt»i/N^u v ^bs± 

©tc#lcig»<^Jt^t#±co«£tT*g&3MlciS^t-3C£feffi*3o 

[ 0 0 2 3 ] 

Hit*, #f€0J©fiFM& — IliStB'CfcSjfcftfcMlS'XT-.k. 1 0£rjgftbftSSCg»$© 

nt$iSlffi©lIi: bti<. I81» , /7f Al 0 l± N lfit!fi2 0, 2 & Mitt 3 
0. ^SBM©*-* 3 2 , *i«83g34, D C / D C 3 y/i— 2 3 6 , £| # 8 ■ * - * 4 
6. ^JfflIgP5 0, *fV/<->80, WSft-t^^QO^r^^^rfcS^t-rSo 88 5ft « 

[ 0 0 2 4 ] 

j&Sftmftl 2 0 It, H S # ? * # K 31 © *8 » « Ml * ?K Ht/jScmffiT-fc « ¥ -t ;l> £ *g gfc 
) . iiSI, * V- H (&«) s ■fe/<l'-*«fc:J:oT*lja*ft*. Mttftil 2 Ott, 

feMMic Km zmmx x ©«*&%§ it , »ffiwi«:u:»**d*r"rsi*{t:;itfx©« 

^^sttTJWTfc^-riim{b^sjstj:^Tg«t/^f#.s. 0 

H 2 -» 2 H 4 + 2 e ■ - ( 1 ) 

H 2 O - ( 2 ) 
• ( 3 ) 

(2) St±imiicfc(755f5^/fNb^ (3) 5£I±*MJ 



(1/2) O 2 + 2 H * + 2 e ~ 
H 2 + (1/2) 0 2 -> H 2 0 
( 1 ) j£ t± B « fflfl lc 43 It -5 S IS 

[ 0 0 2 5 ] 

£©«fc-5:&8m«H&2 0 l± , 



2 ft 3 A ^ © * # £ ic JS C T M # X » & SHfc # X 



10 



20 



30 



40 



*MB? % £ tic £ i T tiitl Zfflffl-t Z H ttfT' % % * C (DtUtl<Dfflmi±m®!$t 5 0 Ic 



50 
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tcjt lt 8?j 8? gp 5 oA^co^Ks^^a^u. ^©Maa^iigratfi&^iagri-rschT-m 

IS«rx»*S!l»bT«»*ffl2 0©ffiA*WHIbT^*. 
[ 0 0 2 6 ] 

(8S1!IS2 Oli, 2*t«3 0\ t-? 3 2Rt>-«i«3 4 tgiLT^Sc COflSS 
W ?fi 2 0 l± , €-^3 2RO'ffiIi3 4 iC»UTt^©«*&?:S!5:^ C tl 6 ft fir 

<D#miCfo 2 3 0 <D ?t » # & 3 „ C©»^, l»li2 t-?32S 

ti IS ?S 3 4 i:X^-y^2 0 a^MT|SfnTfeD> fflfflffl 5 OKiSCO^-f »;f 
2 0 a J f»2^«it&fi!|OX-l'>y^3 O aOMB9IWai*gT\ * — * 3 2 J f>^tS«3 4 -\ © « 
*J & , 2^ti3 OCSitf H fr Jtl5„ S/c:. $5 5ft « }ti 2 OOmftSgtC&mEEif^ 0 

[ 0 0 2 7 ] 

2 #*?ft 3 0 tt. ±IB«SB«?fi 2 0 fc^fc^-* 3 25lfiia3 4 (Ctt^^^^T* 

gltftfi, - y >r ;l/ - * ig g m AS , 'J f -) A 2 ^ti4 if ftio 2 ^tffl^ffli/^ c 1 1 T- 

»M<OiS^^n« feftgift, fc*v»t±gj£S tiS'fcfflotefig ( § is M JS ^ j£ ff Eg 81 & if ) 
%Jf lUotftt^niio & *5 , 2^i?fi30tcft^.T^§i©^;Vh5^t^->^5:f 

[ 0 0 2 8 ] 

t-^32li 1 HfgleJSl^-^T'&^o i^ii2 0^>2%i%3 O^tB^tSf %t 
tOAS&WAOftf&fcSttT*— *3 2ttl31EBgft2j*«£L, c <£> 13 f£ IB » ft t± , MS 

h » m > x 7- a 1 0 *mmt zm^icisif z>mm%:fti,T , * w <d m $1 &. t>* / $ rzi±&n 

tc £ * £ n , SM^^ffS'&Sft^i:^^. tot-? 3 2 ii, Mffl^S 3 3 <D Vim * & 
-5 „ fffij fl? =g M 3 3 (i, 7^-b;l"^^/l/3 3 a£D^f^M ; ?:^ai-r^7 T ^-lr;l/^^;l/^i 7 >' 

3Vtvt33b?l:t8i?nTi^. S fc . MBSI3 3li, Mm ff .5 0 fcfeS^c? 

tlTfet). C OflJSJgP 5 0 tOFIft-? 3 20ig»&if{cW-r-5a^©'W*8 ; £ J ? > t>&t> 

l/Tl^„ W*tf, 7 , ^-fe;b^^;V3'3aO»ffft«K«iS*/<y — ft.fcLT#J»W5 0 
£ X. p> tx S 0 

[ 0 0 2 9 ] 
[ 0 0 3 0 ] 

T* fc 3 „ Iff^f 3.4 a KeSSnft^itt, I3FI#3 4 b, E73%HS-r-i>il£ffi 

#3 4 c. mm if 3 4 d?:gT(88i?i2 oo^^ptc^^^n^o cn^o#o rmm 

J > rPlilj & & kE €> S?J SP 5 OfcJ:rjTlIfifcIi?n«, ft « ?ti 2 OTffiS? 
n a *» ^ fe.SP * iR *T X «: * * » |R » 3 4- e « IS T 13 JR S tl , ^V^34 f fc <fc o T $5 5ft « 

«&2 otBsn, launso - -ft > nasfcttt&snsssi (it) « , x z 7 w ;b 

?3 4 gTli*^iJtl, 3>^l/7*3 4 ht-IiSn, ^ §g 3 4 i T'taSJtlt 
**8 ft ® 2 0 ^ « £ n 3 „ ay/b-vt 3 4 h T- £8 ft « jlfi 2 0K«*&-f3g!{fc;*fXff;£ 

[ 0 0 3 1 ] 

Bn?**o«m«»S'Xxi».10tts _hfH^3^tt?fi2 0 **y-;l/*>73 4j&.tf 
*?y^ 3 4 k t> 5fc « g§ 3 4 1 £ ; xrnyyi/yt 3 4 mt?:i5:ffl^SittSg 

*v * Z / - /l 1 7kZ Z > ? Z 3 4 l tcft^ts^y^s 4 n , 3 4 o, 3fc R §§ 

34 i zMHnm7 o-NCD«^ 7 j<«a%ii^-r^«BBt#3 4 pttts. xznvru 

•^■9-3 4 mtt, $S ft » iti 2 0 ZMittf xm*MB-t % C ttfT* % % a 

[ 0 0 3 2 ] 
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□ nVFn-^^H^Lft^^-^vyitiStS. V ■* — 2 2JJ 7j< 

*nJE.bT«S*»2 o ftZffimz •& & $><DT & K) . C © J: 5 &C tfj 2J 7j< £ tl ^ £ ■£ T jgm m 

t«»ti. 7 n n > h o --7 eta l fc i r> ic&nm.m 2 o fc«*ft-r s 

©£E*fcSR»*iI!IS-r*. ^ 1 7?ti«fii?i2 0 fc ffi & 31 3 4 tliSiLTStoSnt^ 

« ^nzmnnmz o <DWfcttm<DMmicmt> %mmic-oi>T i&i&mmm 2 0 <omm 

[ 0 0 3 3 ] 

DC/DC3>A— ^ 3 6{±. j&nmi&2 0SO'2^1i3 OtffflftfSWMx*;!/^ 10 
©*E*£«bTl!i«JH3 4fc:ttlft"r«„ ; 6-^3 2%|g«j-r«<D{C f e>S^:«ffit±. ®# 
2 0 0 V ~ 3 0 0 VlfifSt), jB5 tt M 2 0RO'2^1M3 0 5 &± CI +1 fc R & r> fc « 

mm? % t z oiEit i 2vs^T*^t), i^«si2 os&*2^ti3 o^p»[ii*jn5 

f ff^fOSSOttit'fti&t^ C bfctfoT, DC/DC3VA- *3 
[ 0 0 3 4 ] 

± f E b 7c 5ft « fa fill <E> X -f ^ 2 0 a ^ 2 ytmmm <D X v ^ 3 0 a?:«0f i: 

fc±oT, 181^2 0&tf2^«ftfi3 0 fc — * 3 2 fc £ g 3^ b fc 9 <ZJ 9 Hi b 9 "T S 

[ 0 0 3 5 ] 

C^-^lCi^ti^Jnt^S. S O C ^-^tt 2 $113 0 43 if 3 * • HkWDM 

ffi.mtmmt*mw-?2>$><DT*$>K>. c <Dm*micmw& 5 0 »± 2 & w « 3 0 <d si # » 

tffiTtSft*. C O-ftfl fcftlffl bT MS. *Mfe? * C fc ic «fc •? T 2 &m?fi 3 0 cD5g#S 
■ £r*&fcfj "T 3 C fc # S „' d fcSff-feV+MiMftigP 50 frlggc £ n £ CD & 0 

, mm® 5 0 ic^tbwm-tz/vicisv znmmtm&®mt<Dm&*mm.LT & < c tic 
±oT, itBE-fe y*tfrt> xtj-z tizmfemzmicfflmse, 5 0 « 2 ^s?a 3 0 co^^^a^ 30 

;£ *6 £ £ fc T? f? £ 0 & 3 « , 4 6li, 2&*ffi3 0©«JBjft©JtH* 

[ 0 0 3 6 ] 

»>«5 0tt, T-f^D3yi;a->ti|ifi(j:LftiiaBJ:LTi)Jlsn< cpus 

2. ROM54, R AM5 6atfXtHA*-b 5 8 A^4«, CPU5 2I1, ^ £> ^ £ 

ftrcmw7v7^i±ic'&^Tffife<Dmn*z%:mft-rz> 0 r om 5 4 t c p u 5 2 -e 

t> , RAM56fcli, [Sib < C P U 5 2 T? S * * ff ^ * © K &fi * £ffl 7*— * 

tf-^fWlcM&ftJnSo AHlft#-F 5 8 (i, til ft S ffi ft" 2 0 b, SSSlt-^ 4 
6*fc*#ffl-fe^-9-^e>cD^Hl«^^fc*^X*-rSfc«(C. C P U 5 2T©»JHS*fc*£C 40 
• T. 4 Z/ t%— *8 0aHJCBBtt«^*ta*bT«»*»'>XxAO«-»OKttttl8*SiJW 

[ 0 0 3 7 ]' 

>"tf9 0frP»CD«4§CDA2jfc. ^VM-? 8 OOIfti^OW^t, fiJPgS3 3fccr)P^ 
Oi^O^tlllDO^^/TLfcA^, frj 911 gp 5 0 &± C ffi'fc: fe^^ttitfi^XxAfcfe^^sa 

JBSW»2 0©a*Ktt»©1Mffl*¥tf*Cfctf'?*So K 3$ b fc «fc 5 fc . xT^V^U-y 
■9-->f»vX7a3>'hD-^(c|gKj«#^ai^LTi?{[:^Xil J f>^^^xa^S'Jffllbfc0, 

3cH§g*{gffl-r«itR,(±, 5Jcs^6 4tc«^-r§^^/-;i/atf7j<o«%sijfflJbfct), so 
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5N- * «a 2 o<Dfisti^S[if 6 4 <Dummm.t>fflffl& 5 0 # fj & o t ^ z . 

[ 0 0 3 8 ] 

^^^-^808, 2 0 ^ 2 i&ltjti 3 0 e>«S&2*-i&itffimM, 3 tg 32 jffi 

fc£& L-T * — £ 3 2 & „ C li, fJfflaJSO^^OJi^tcS-^^T, 

- * 3 2 % 3 ffl328il©Se (^BUCl±/<;bX<f ) R ^ M ifc * gffl gp f 3 C t tc <fc 

oT» ; e-^3 2T'%^-rSfgft^^:SiJffllBl^i:*oTV^ 0 l®^ 8 Ott, 6 

{lOX^-y^V^lg? ( m * (f , /Wif-7lMOSFET (IGBT) ) £ ± lei g& jg ^ 

QRtf2*«ffl30^6«|ft*n«ltW«?ffi*ffi«Ofi«RtffflJft*©Hffi3E«Ete«»-r 
«o.^>A-^8 Otfi^i^X-l'-vf >^f?{i, l»*9>l'>*£:.fc»>!MW8P5 0lC»fc 10 
?ntfet), fW ® gfl 5 0*^©|g»I«^{Cit)^OX-l'-y^>^'£D^'l'5>'^<DflJffll%S 

its. 

[ 0 0 3 9 ] 

CO^yM-^ 80t)S8lii2 0 ig l^&± 2 & « ?ft 3 Oi;coS^ttJlt±±fH<DX-Y^^ 
20a. SOaCSISlt.tOft^jns, 'f 8 0 tiSift2 0 t©8 

2 0 <D&tjffl®i (^mmnmm) *&Micnn t* sfc, 2*«»3o,obi*»j. 

W(ffl;fcON*ffi:&OFF©Mai)fcE*»i:||fTTt?*<, 
[ 0 0 4 0 ] 20 

«Sit-trV-9-9 0t±, 2^«?ifi3 0^e)toai^7®gS«r^tb-r«o 2^S?lS3 OOfflA«i 
com V +>" 9 0 fci fW © SP 5 0 t««LTtD, ft Sit -fe V it 9 OKioTUlllSftftl 

$am i&mmffl 5 0 »c a t> z n^. 0 a * s n /t mwrn it > 2 ^m^a 3 0 (c*5tf&?icj5fc«#i& 

[ 0 0 4 1 ] 

ffl c* h . #j * , 1 0 s e c crticiiff^n^ ( S 1 0 0) o 

[ 0 0 4 2 ] 

§lQ©i^.ii?>?:ifit5 (Xf 7/S 1 1 0) „ CcOfKKS^/^V — (± , fgf Og 
^{CJSCT^MO^— ^3 2^rlsI»E^-&-5fti6cD/^y — (fifl^)!^^ SSfii62 0 

ofg«mX7i:2^ltrti3 0cofe«lt^ii:i?BSfen^ 0 IS $» S ^ * 7 — It , T ? 

■t ;V ^< # 3 3 a <DMW M (7n;H^;Hi;->3ytyt3 3b<!)(l)S) ^r, SSI ffll g 
B3 3*«T»J»»5 0teA*r*Cfc-e¥!jgiJ3*i;5o S x 2<fctt?fi3 0©5g#g»Q 
ii^^^a^-^ 4 60tti*ffl^6R»Ji* « * 5 n & o 40 
[ 0 0 4 3 ] 

B**-riH*C77yo-fey htttt*WJ£-r*(XT-v:7 , S 1 2 0) o C © W * 7 ^ ^ « . & 
jSoftlfcTt'y h • y-ty hin» -fe-yh (77^*^) ttST-fetiai^lilS 2 0 5: 

[ 0 0 4 4 ] 

mX7^7tfV-k-y h«||(31ttil*R)-efe*i:WJgLfe»*t± (S 1 2 0 ; Ye s) , 
Bft»#/< , 7 - ¥"J 5§iJ 8 3Hit T' £ £> Mffi/S «7 - P s <£ t) /Jn $ ^ 5 © $| % ff 9 ( 7, T 
V~7 S 1 2 0)o Si/^-Ps(i, 04 ( c )fC ^ "T «fc 5 tC , $5ift«?ffi2 0©fcHXjtf®^ 50 



2 * « ffl 3 O © # 
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*» 6 (onjj&i&zw it l t ih & * - f «rff •? a* if ? ^ <o w g>j s « t * &<> m « > « 

«t?lfi2 0<D^t|g^ Be ft) 1 0%legS?nt^5o &*3. CO||;< 

7-P s(i, 2#«ffi3 0cD7cj$&m£gft-'£Xx-y:7 p S 1 1 0 T- R * j& A, /£ ^ » Q 3Uc 
iSCTl^SStSi: i: Rl fig T* & »3 , ± IH L fc © fc IE £ n 3 T* « & ^ » 
[ 0 0 4 5 ] 

C © X x <y :/ S 1 3 OT* m 5£ WSLfti^li (S 1 30 ; Ye s) , X x <y 7 S 1 20 

; mmm&'^y -tfmm^v— p s ttxhs^ckics:*. £ t , c <o * ^ t-± , $5 sb- w 

?fi 2 0 ©IS* - F^jSiKilUE* — Ffr&HSJ&jfiiKt — F f c & fr §?it± 3 , IMJ yT 10 

( X x >y :/ S 1 4 0) , i^tc, X x -y :/ S 1 0 0 T*M»l!o ft 
^^^SQ^fgKjg^Ay — fcSrfcfitL. 2 & * ffl 3 OCQg^^BQ/fttcoitftT*^-.* 
3 2 * H »g # / W — a 9 te E ft S 3 t fc T? # S 5 * *J J£ -T * ( X x -y 7 S 1 5 

o) o q T'E&wim&rt v — *tit%L f? s *•> ^rfij^-r & „ 

[ 0 0 4 6 ] 

£ © X x -y :/ S 1 5 Of, S*§iQfIil^/W - £3fc£T^3i:¥<J/£ L fc « 

(s l 5 0 ; Ye s) , ffit^tff4E?oli^liiji2 o k±Etft#>^, x z n > :/ u 

fflS 5 0 (Cg&ns ( X x >y !/ S 1 6 0) o T , X^f7f 3 O a^BCT 2^1M3 

0^5.S#§|Q©li)iE;t-^3 2(C«ISLT ( X x -y :/ S 1 70) % — M * ;b - x > 
£ T "T 3 (S 2 30) o CtllCJ: t — ^3 2{±2^m?fi3 0cD^^e ) cOS^«)f&fi: 

[ 0 0 4 7 ] 

— 7? , X-r-y^S 1 5 OT's — & W » © » « Q T tt SB »K :£ /< 7 — * 3fc Jg T? # . 
& fcfl^Lfel^H (S 1 5 0 ; No) , . 2*tffl3 0t«8t»2 0 fc*flf«f<< 

t«^?i%^tJ:^ HI 5> 7 tc -fr >y b "T £> (Xf'^S 2 1 0) . Utile 

K> , 2^tt?tt3 0CD^#^aQcO^^ji:^^ltjtt2 0^^«Lfc«^tT', t-?32?) 30 

[ 0 0 4 8 ] 

C <D X x -y 7 S 2 1 0 Icm^T , IB«jS*^y-^2^lt?a3 0<D5S#:§»Qcr>«ftfc 
88 * ?fi 2 0^Pg^Lfc«*i:l?BS^3J:^, X-T-yx2 0 a R t>* 3 0 a*ffl)SLT2» 
*»3 0i:li8t.»2 Ofc^fit-* 3 2fctAt«»l/T (Xx-y7 P S 2 2 0) , — J3 

^5:g7t5 (S 2 3 0) „ J; 5 W b < ISa^t 5 i: , IE i&S * /< V - fc ^ * ^ S 

q li x f 7 t' s i i o (omft-Qfric £ k> ®.%QT' & z c tfr t> . :.<oii«*>6, 

# x « *a a *r at if l , ^©igmfcfSCT±^Lfcsaa (jas^«) ±ie^ 

Sofc*#*j(BJB*?fi2 0-e$6*'r*. C tl f£ £ 9 . ^-^3 2t±2^«?t&3 0i:^i|^« 40 

m 2 o i: 6 o«7t»«ssi&fc <fc u nng *m a sgtts * /<; v - -z? mm t -5 o 

[ 0 0 4 9 ] 

$/c, x x y 7 S 1 3 0T-I1S^;W- 19 ffi - P s W ± T* £ £ i: ¥U 5£ L fc J§ 
fcf J: v> i: S . .fcoT. IliI*/<7-*2*tM3 0OtAtIfi«ilS2 oo^t« 

*t*il?'<< Xf7 7*S 2 1 0(C#'ftt«o cntiO, t-? 3 2{i2^t?fi3 0 i: 
mntik 2 0 i: 6 O « XJ « J: t> El *6 L . Hi J± BHl 21 /< 7 — T* igft f 3 (S2 20 
) . 
[ 0 0 5 0 ] 

— 75\ SU fflJ BP 5 0 J± , KML/cXf '^S 1 2 OT, ffl X. 7 ? if ft * > tc -tr -y h- £ ft fc 50 
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tt fig (BD*a<Ettfifi)Ta&*4:*ISLfc»*t± (S 1 2 0 : No) % Hihtt^Slfit 

?S2o<7?sffi<Dp^iii^«ffi (ocv) fcjs c rcMnm&mmmmvmmmiz p on^rff a *< 

<. WEEK- 2 0 b fr&MfliflS 5 0 tftJ&ShT^'SlSiaoaiAtE Vocv^rf!^^ ( 
S 1 8 0 ) o 
[ 0 0 5 1 ] 

igl m SB 5 0 tt , 2 0 ©ffift WEE V ocvfr £ :* VBiffi P onSrffff-r £> o 0 8 tt » 

fflffl 5 0 li £ <D 7 v 7 ^ Ut$5^aHSPon= f ( V ocv) fclTRO 
M5 4fc^i6feiiLTI/^o US St P on = f (V ocv) tt . fflm&mKOi&TlcftiTtirls 
Hffi Pon^rTlf 3 <fc *> ftHt^SLt^So * ti "fc £ •) . f*ihbTV*jBS»*?fi<DIPHlHl» 
« EE H Tt 3 £ j$ 5ft « ffi % S ») -T 3 * > B€ <it P on {g < & 3 <fc ? (cg^^nSo *>m 
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